Drosophila larval tissues are composed of differentiated larval cells and imaginal cells. Imaginal cells are pupal and adult tissue progenitors that reside in clusters embedded in or attached to larval tissue (1) . They remain quiescent during embryogenesis and part or all of larval life, then proliferate and differentiate into pupal and adult tissues at metamorphosis (2) . By contrast, larval cells cease dividing and differentiate early in development; however, they typically enlarge and become polyploid during larval life (3) . At metamorphosis, most larval cells die (4) . Although some larval neurons (5) and muscles (6) are retained in adult tissues, no differentiated cells are known to re-enter the cell cycle and generate new cells and tissues. We show that tracheal (respiratory) system remodeling at metamorphosis is carried out by a classical imaginal cell population and another progenitor population that, like facultative stem cells in mammals (7) , arises from differentiated cells.
During embryogenesis, the tracheal system develops from segmentally repeated groups of ~80 cells that express Trachealess transcription factor and invaginate, forming sacs attached to epidermis by a stalk of spiracular branch (SB) cells (8) (9) (10) . Branches bud from the sacs and cells diversify primarily under control of Branchless FGF (Fibroblast Growth Factor), which activates Breathless FGFR (FGF Receptor) on tracheal cells (11, 12) . At metamorphosis, posterior tracheal segments Tr6-Tr10 are lost (Fig. 1A) ; new branches form in Tr4 and Tr5 to supply posterior tissues, and in Tr2 to supply flight muscle (8, (13) (14) (15) (16) . Although most branches in Tr1-Tr5 are retained, most of their cells are replaced by imaginal cells (17, 18) .
Previous work indicated that imaginal tracheal cells (tracheoblasts) compose the SB (Fig. 1B) . Unlike other tracheal cells, SB cells express imaginal marker escargot (esg), remain small and quiescent during embryonic and early larval life, and do not form gas transport tubes (Fig. 1 , C and G) (19) (8, 15, 17, 20, 21) . BrdU incorporation studies showed that SB cells enter S phase at the beginning of the third larval period (L3) and divide 12 to 16 hours later (17) . Proliferation continues for 24 hours, generating an expanding cluster of tracheoblasts at the SB-transverse connective (TC) junction (Fig. 1, D and E) . SB cells in the embryo and early larva express trachealess (trh), but, unlike most other tracheal cells (22) , do not express the Trachealess target gene breathless (btl) (Fig. 1C) : the tracheal program is apparently arrested at this step. When activated in L3, they turn down esg and turn on btl as they proliferate and leave the SB (Fig.  1, D to F) .
We developed a "molecular timer" strain (23) that highlights the burst of btl expression in activated tracheoblasts, which allowed us to distinguish them from the larval tracheal cells they migrate over and replace (Fig. 1, D to F). SB tracheoblasts followed stereotyped paths. In Tr4, they migrated along the TC onto the visceral branch ( Fig.  1F') ; later, some differentiated into coiled tracheolar (CT) cells (see Fig. 1J ). Tracheoblasts respected specific boundaries, never spreading into neighboring tracheal segments or populating the dorsal trunk (DT; Fig. 1F') . However, tracheoblasts were observed on the other side of the DT, along the dorsal branch (DB) of Tr4 and other anterior DBs (Fig. 1F') (17) .
If DB tracheoblasts arise from SB tracheoblasts, they would have to move across the DT to reach the DB. However, tracheoblasts were never seen crossing the DT. To exclude this possibility, the fate of SB tracheoblasts was mapped using SB-specific FLP recombinase to permanently *To whom correspondence should be addressed. E-mail: krasnow@cmgm.stanford.edu label SB cells and their descendants (Fig. 1, G to J) . This labeled all tracheoblasts migrating out of the SB (Fig. 1 , H and J), but not DB tracheoblasts (Fig. 1, H and I ). Hence, DB tracheoblasts arise independently.
To identify the source of DB tracheoblasts, we scrutinized early L3 larval DBs, which comprise 5 to 7 cells ( We considered whether differentiated stalk cells (DB3-DB7) might be the source of DB tracheoblasts (15, 17) . To test this, we used a heat-inducible FLP transgene to permanently label and trace the fate of individual tracheal cells identified in live L2 larvae (Fig. 2 , A to C; Table 1 and  table S1 ). This demonstrated that larval DB stalk cells are the source. Individual stalk cells displayed a range of proliferative capacities, giving rise to 2 to 22 tracheoblasts (8.3 ± 7.0, mean ± S.D.), although occasionally a labeled stalk cell failed to proliferate or degenerated, the standard fate of DB1 and DB2 cells (Table 1 and fig. S2 ).
DB stalk cells have a complex morphology unlike typical progenitor or stem cells: they are tubular, with autocellular junctions, some (DB3 cells) forming Y-shaped tubes (Fig.  1B ). Yet these cells become proliferating, migrating DB tracheoblasts while maintaining contacts with neighboring tracheal cells (Fig. 2, D to F) .
Phosphohistone H3 staining (Fig. 2 , D to F) showed DB stalk cells in anterior segments begin dividing 14 to 16 hours after the second molt. Even before they divide (Fig. 2G) , they have smaller nuclei than other larval tracheal cells, including DB stalk cells in posterior segments (Fig. 2H) , which are otherwise indistinguishable but do not give rise to tracheoblasts. BrdU labeling of newly molted third instar larvae showed anterior DB stalk cells do not incorporate the label (Fig. 2G ), implying they do not endoreplicate and presumably remain diploid, unlike posterior DB cells and other differentiated larval cells (Fig. 2, H to J) , most of which endoreplicate and become polyploid (3) .
Although most DB tracheoblasts form multicellular stalks of pupal DBs (Table 1) , in Tr2 they form more elaborate structures (Fig. 3, A to D) . After proliferating and spreading along the DB (Fig. 3, A and B) , they aggregate (Fig. 3B) , form secondary branches (Fig. 3C) , and differentiate into multicellular stalks (MS), unicellular stalks (US), and Blistered (DSRF)-expressing CT cells with coiled intracellular lumens (Fig. 3, C and D, and fig. S3 ) that unfurl on flight muscle (8, 24) . Fate mapping showed that single DB stalk cells in Tr2 routinely formed mixed clones containing MS, US, and CT cells (Fig. 3 , E to G, Table 1, and table S1) 
Bnl/Btl signaling controls cell fate selection in the embryo (11, 12) . To test for function in pupal tracheoblasts, we generated btl -clones. These rarely formed CT cells ( fig. S3 and table S2). Likewise, conditional expression of dominant negative Btl in the L3 tracheal system reduced or eliminated secondary branches and CT cells (Fig. 3, H and I) . Constitutively active receptor induced ectopic secondary branches and CT cells throughout the tracheal system, including all anterior DBs (Fig. 3J and fig. S4 ). Thus, DB tracheoblasts in anterior segments can acquire new tracheal fates, and FGF signaling also plays a critical role in reselecting cell fates when DB stalk cells are reactivated.
Anterior DB stalk cells are the first differentiated cells in Drosophila shown to re-enter the cell cycle and regain developmental potency. They regain the same abilities to proliferate, spread, and differentiate into various tracheal cell types as SB tracheoblasts, classical imaginal cells that remain quiescent-blocked in tracheal outgrowth and cell diversification-during embryonic and most of larval life. This suggests that both types of tracheal progenitors arrive at a similar state, one by early developmental arrest (SB tracheoblasts), the other by late return to an earlier state (anterior DB stalk cells). The only known features that distinguish these cells from tracheal cells that lack progenitor potential (including posterior DB stalk cells that are otherwise indistinguishable from anterior DB stalk cells) are their small nuclear size and lack of endoreplication (table S3) . These features may be part of a program that maintains, or allows cells to regain, the proliferative and diversification potential of early tracheal cells. This program is operative in imaginal tracheal cells, and can apparently be implemented in other tracheal cells, independent of their differentiation program.
The blurring of the distinction between imaginal and differentiated larval cells in Drosophila parallels a current debate about adult stem cells in mammals (25) . Some mammalian tissues have dedicated stem cells maintained in a primitive state (26) . However, other tissues may rely on facultative stem cells, differentiated cells that re-enter the cell cycle to replenish lost cells (7) . Our results show that progenitors with each of these features are present in a single Drosophila tissue and both play crucial roles. This provides a tractable system for dissection of the arrest of a tissuespecific developmental program and reversal to an earlier, more plastic state, important steps in tissue engineering, repair, and cancer. (C) Same DB three days later. Labeled DB4 generated 7-cell clone. DB2 and contralateral DB2 (DB2') are indicated along with degenerating contralateral DB1 (arrowhead), which was also labeled in L2 larva. (D to F) DB4 cells at three different stages of mitosis in L3 larvae immunostained for phosphohistone H3 (red) and beta-galactosidase (trh-lacZ, green). Tubular DB4 cell divides along short axis of tube (F, F'). Fig.  S6 shows low magnification. (G to J) Individual DB stalk cells in Tr4 and Tr7, and nearby epidermal cells of newly molted trh-lacZ L3 larva labeled with BrdU during L1 and L2 then co-stained after molting for BrdU (red) and betagalactosidase (green). Fig. S7 shows low magnification. Bars, 25 μm, except G to J, 10 μm. 
